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ABSTRACT
The reproductive biology of Dromiciops gliroides is described from five females collected during spring (October, De-
cember 1984) in southern continental Chile. Developmental morphology of intra-uterine embryos (October litters) was
examined by microscopic analysis and compared with morphological attributes of 8 pouched young (December litters).
Intra-uterine embryos demonstrate ontogenetic features characteristic of altricial neonates, which migrate from the
urogenital opening to the marsupium in order to complete the later stages of development. D. gliroides apparently is a
monoestrus, seasonal breeder producing one litter per year. Maximum recorded litter size is four, with birth occurring in
early spring (October). The life cycle of D. gliroides is subdivided into seven distinct periods: pair formation, intra-uterine
development, parturition, intra-marsupium development, nocturnal family excursions, and juvenile independence. Phylo-
genetic relationships of D. gliroides to Neotropical and Autralian marsupials are considered by comparing aspects of
reproductive biology and early life history characteristics.
KEYWORDS: Dromiciops gliroides; embryogenesis, reproductive biology.
RESUMEN
Se describen antecedentes de la biología reproductiva de Dromiciops gliroides provenientes del análisis de cinco hembras
colectadas durante la primavera (octubre - diciembre) de 1984 en el sur de Chile. Se examinó el desarrollo morfológico de
embriones intrauterinos con análisis microscópico y comparándolos con los atributos morfológicos de ocho juveniles en el
marsupio (camadas de diciembre). Los embriones intrauterinos mostraron características embrionarias típicas de neonatos
altriciales, quienes migran desde la apertura urogenital hasta el marsupio para completar los últimos estados del desarrollo.
D. gliroides es, aparentemente, una especie monoéstrica, estacional, produciendo una camada por año. Se ha registrado
un máximo de cuatro crías, con nacimientos que ocurren en la primavera temprana (octubre). El ciclo de vida de D.
gliroides se divide en seis distintos períodos: (a) formación de pareja, (b) desarrollo intrauterino, (c) parición, (d) desarrollo
intramarsupial, (e) excursiones familiares nocturnas, y (f) independencia juvenil. Las relaciones filogenéticas de D. gliroides
con marsupiales del neotrópico y Australia son consideradas comparando aspectos de su biología reproductiva y
características de su historia de vida temprana.
PALABRAS CLAVES: Dromiciops gliroides; embriogénesis, biología reproductiva.
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INTRODUCTION
The microbiotheriid, Dromiciops gliroides (F.
Philippi, 1893), is one of four marsupial species
known to occur in Chile. Monotypical and commonly
called monito del monte, Dromiciops is endemic to
the broad-leaved, temperate rainforests of southern
Chile from Curicó (35°30´S); south to the Isla Grande
de Chiloé (42°S) and adjacent parts of Argentina
(Muñoz-Pedreros & Palma 2000).
The phylogeny and classification of Dromiciops have
stimulated much debate amongst mammalian taxono-
mists (Sharman1982, Gallardo & Patterson 1987,
Marshall et al. 1990, Westerman & Edwards 1991,
Hershkovitz 1992, Palma & Spotorno 1995,
Spotorno et al. 1997). General observations of the
life history (Mann 1978, Rageot 1978, Jiménez &
Rageot 1979) and studies of microhabitat selection
and trophic specialization (e.g., Pearson 1983, Kelt
& Martínez 1989, Patterson et al. 1990, Kelt et al.
1994) of Dromiciops have broadened our under-
standing of the autoecology of this sole representa-
tive of the Microbiotheriidae. Notwithstanding, the
reproductive biology of Dromiciops, as initially de-
scribed by Mann (1955, 1958) and subsequently ex-
pounded upon by Greer (1965), Jiménez & Rageot
(1979), and Marshall (1978, 1982), remains poorly un-
derstood and incompletely described.
We report on the reproductive biology of Dromiciops
with the objectives of: describing intra-uterine em-
bryonic morphology from microscopic examination;
providing qualitative ontogenetic descriptions of
pouched young; and defining the life cycle. These
data are compared with early life history and repro-
ductive strategies of New World and Australian mar-
supials in order to expound upon the contested phy-
logenetic relationships of the monito del monte  to
New World and Australian marsupials.
MATERIALS AND METHODS
All specimens used for this study were collected at
“La Picada”, a forested valley located in the foot-
hills (400-1100 m) of the Andes range at the base of
Volcan Osorno (Chile: Provincia de Osorno, Parque
Nacional Vicente Pérez Rosales; 41°02´S, 72°30´W;
84 km ESE Osorno). In October and December
1984, 100 museum special snap traps were placed
ca. 10 m apart at elevations of 550 m and 675 m for
the collection of voucher specimens to complement
longoing live-trap studies (Meserve et al. 1992).
Traps were baited with a mixture of rolled oats, pea-
nut butter, and canned fish. The lower trap line tra-
versed areas of disturbed, secondary growth forested
tracts, while the higher trap line was placed in stands
of dense, primary growth rainforest. Habitat physi-
ognomic characteristics were noted at capture sites.
All Dromiciops secured in traps were preserved in
10% formalin. Reproductive tracts were dissected
and fixed in 5% Bouin´s solution to prevent desic-
cation and shrinkage of intra-uterine embryos. Stan-
dard morphometric data was recorded for pouched
young, and adult individuals. Morphological char-
acteristics of embryos were examined with a stere-
omicroscope (25X), compared with physical char-
acteristics of pouched young and gross histological
analysis of intra-uterine embryos embedded in
parafin, sectioned with a microtome (7 microns), and
stained with hematoxilin and eosin for subsequent
microscopic analysis. Standardized stages for human
embryos obtained through the study of the Carnegie
Collection (O´Rahilly & Müller 1987) were used to
determine the developmental stage of analyzed em-
bryos. This staging system, based on the degree of
development of external and internal morphologic
features, has already been employed to examine
young marsupials (Nelson 1992).
RESULTS
The vegetation of the study area corresponds to the
“coigüe-ulmo” association (sensu Veblen et al. 1983)
of the deciduous Nothofagus and mixed Nothofagus
Southern Chilean vegetation sphere (Schmaltz 1991).
All Dromiciops’  capture sites were located in sec-
ondary growth rainforest composed of sparse over-
story dominants (Nothofagus dombeyi, Caldcluvia
panniculata, Embothrium coccineum; DBH 3.0-25.0
cm) and an open canopy cover (ª 30-50% crown clo-
sure). For detailed description of the study area see
Meserve et al. 1992, 1999. Five female Dromiciops
were collected: three individuals in October which
had a highly vascularized, swollen uteri with four
intra-uterine embryos per female (2R x 2L); and two
females in December with four pouch young each.
In this latter case, the hairless young were alive and
continued to suckle after the death of the lactating
female.
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MARSUPIUM
The marsupium of Dromiciops opens ventrally with
a longitudinal aperture and is lined with a soft layer
of underfur. Within a sub-cutaneous layer of mam-
mary tissue, a longitudinal ligament divides the mar-
supium into symmetrical halves paralleling the long
axis of the body; each half possessing a pair of teats
positioned towards the posterior portion (i.e., lower
inguinal region closest to the basicaudal urogenital
opening; sensu Hershkovitz (1992)) of the ovoid-
shaped marsupium. Although internal and external
dimensions of the marsupium are not noticeably dif-
ferent (n=5; internal: x(S.E.) = 28.8 (2.27) L x 14.8
(0.91) W mm; external: x (S.E.) = 30.2 (1.46) L x
25.9 (2.38) W; x (S.E.) teat length = 5.4 (0.28) mm), the
marsupium stretches to accommodate suckling
young.
INTRA-UTERINE EMBRYOS
The intra-uterine embryos were in the organogen-
esis phase of development (sensu Rose 1989); their
morphological characteristics were similar to those
of stages 14 to 17 of human embryonic development
(O’Rahilly & Müller 1987).
The embryos were externally curved into a C-shape
due to the presence of three main body flexures: the
apex, cervical and lumbar curvatures. At trunk level,
the prominent hepato-cardiac bulk could be ob-
served. The forelimbs were prominent and notably
developed, showing three distinct segments. The dis-
tal portion formed a great sized foot plate provided
with noticeable digit rays in dense mesenchymatic
tissue (stage 17).
Several swellings, called facial processes had
emerged. The olfatory pits were broad, deep, and
surrounded by naso-medial and naso-lateral pro-
cesses (stage 17). Over them, a depression corre-
sponding to the lens pit could be observed (stage
14). The stomodeum, or primitive oral cavity, was
bordered also by maxillary branches of the mandibu-
lar arch and by the mandibular processes which were
fused in the midline. In a lateral view, the two first
visceral arches were observed: the mandibular and
the hyoid arches; a cervical sinus was not detected
(stage 17). Small auricular hillocks were located on
the edges of the hyomandibular cleft (stage 15).
The histological analysis of the embryos revealed little
differentiation of the optic region. However, the optic
part of the retina (retinal disc), the future pigmented
external layer of the retina, and the optic stalk could
be distinguished. Retinal disc was invaginating,
forming the optic cup. The lens placode, that corre-
sponds to a thickening of the superficial ectoderm
immediately overlying the optic cup, had begun to
invaginate and deepen into the optic cup (stage 14).
The placodic otocyst was elongated dorso-ventrally,
constituting the developing inner ear. The vestibu-
lar portion showed primary outline, while the co-
chlear region was only represented by a short di-
verticulum of the ventral otocystic pole. The en-
dolymphatic appendage was long (stage 15).
Cranial and spinal ganglia were present. The dermo-
myotome had differentiated in the somites, and sepa-
rated from the sclerotome.
INTRA-MARSUPIUM YOUNG
Crown-rump lengths of pouched young with lesser
development (December, 14) ranged from 16 to 18
mm, while tail length was 7 mm. Their body was
straight at the cervical region, but a wide lumbo-
sacral flexure was still apparent. The body propor-
tions were very different from those of adult ani-
mals. The head and the cervical zone length was
about one half of the total corporal length, while
the trunk occupied the other half. The neck was re-
markably bulky. The eyes were closed by the eyelid
fusion. The skin surface was naked, wrinkled, and
many hair follicles could be observed on the lateral
portions of the upper lip and nose. Limbs showed a
stout proximal segment, and the fingers of forelimb
toes held claws.
The other pouched young (December, 12) showed
a more advanced morphological differentiation
and corporal growth. Crown-rump lengths mea-
sured 22-23 mm, and a tail length of 12-14 mm.
At this stage the trunk had lengthened at a greater
rate, so that the head and neck have reduced their
proportion to only 35% of the body length. De-
velopment of the cephalic region was most dis-
tinct near the rostrum where it showed the for-
mation of distinct facial characters: a defined
snout, upper lip vibrissae, eyebrows and eye-
lashes. The eyelids were separated and were
slightly open. The pinna of the outer ear was well-
pronounced as a result of separation from the
cephalic skin. The corporal integument appeared
“thicker” and wrinkled, and slight body hair was
perceptible. All appendages had grown in length,
specially hind limbs. In both litters, forelimb de-
velopment was more advanced.
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DISCUSSION
Assuming that sexual maturity occurs in the sec-
ond year of life (Mann 1958), a life cycle for
Dromiciops (Fig. 1) can be proposed from pub-
lished life history observations and data presented
herein (Table I). We divide the life cycle of Dromi-
ciops into seven distinct stages:
I. Pair formation and mating: In late winter to early
spring (August-September), mate selection probably
occurs through behavioral venues which facilitate
sexual encounters between males and females (Papini
1986).
II. Intra-uterine development: Upon conception and
blastocyst implantation, a choriovitelline placenta
should be formed to nourish intra-uterine embryos.
Marsupium development is marked by teat enlarge-
ment and formation of lactating tissue. The exact
length of intra-uterine development remains unclear,
but this period might last for 3-4 weeks until the end
of October. Female Dromiciops construct a spheri-
cal nest of leaves, mosses, and twigs located 1-2 m
above ground within the branches of dense vegeta-
tion (Mann 1958; Jiménez & Rageot 1979).
III. Parturition: At La Picada birth might occur in
early November, and neonates have to migrate from
the vagina to the marsupium.
IV. Intra-marsupium development: Pouched young
seem to remain within the marsupium, firmly affixed
to teats, for about two months (November-Decem-
ber).
V. Extra-marsupium development: Increased motor
capacities allow pouched young to abandon the mar-
supium for short exploratory excursions. This ex-
ploratory period (late December-January) is marked
by excursions, which increase both in frequency and
duration as young acquire autonomy. Juvenile
Dromiciops continue to suckle during this period and
thus occupy the nest as a center for home-range ac-
tivities.
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FIGURE 1. Seven stages of the annual life cycle of Dromiciops gliroides Thomas, in southern temperate rainforest of
southern Chile.
FIGURA 1. Siete etapas del ciclo de vida anual de Dromiciops gliroides Thomas, en la selva templada lluviosa del sur de
Chile.
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VI. Nocturnal family excursions: Eventually the ma-
turing juveniles accompany the female during nightly
forays by clinging to her back (Mann 1978), as in
Didelphis (Hunsaker 1977). Although these gregari-
ous nocturnal ventures continue through February,
juveniles frequently abandon the mother’s carriage
for solo foraging and exploratory excursions while
remaining in close proximity to each other.
VII. Juvenile independence: By the end of March,
juvenile Dromiciops are autonomously free-ranging
even though the female’s marsupium is still well-de-
veloped with functional teats (Lang, pers. observ.);
suggesting that juveniles are not totally weaned un-
til cessation of the reproductive season in April.
Intra-uterine embryonic growth rates have been used
to clarify underlying dichotomous patterns of mar-
supial-eutherian reproduction (Tyndale-Biscoe
1973,1974,1979, Mcnab 1980, Lee & Cockburn
1985, Rose 1989). Calculation of embryonic growth
rates for eutherian mammals has typically followed
Hugget & Widdas (1951). Rose (1989) provided
embryonic growth rates for 13 species of marsupi-
als. Quantification of mammalian embryonic orga-
nogenesis requires accurate measurements of neo-
natal birth weights within the first 24 hours after birth
(Frazer & Huggett 1974), lengh of gestation period
(Rose 1989), and latency to primitive streak forma-
tion (Selwood 1980). Such data are typically derived
from captive-reared individuals, and remain unknown
for Dromiciops. Nonetheless, the life cycle defined
herein does provide insight into the early life history
of the monito del monte.
Reproductive stages II-III are partly documented by
this study. The period corresponding to stages IV-
VII is corroborated by life history observations com-
piled from published sources and data reported from
concurrent field studies (Meserve et al. 1988, 1992;
Patterson et al. 1989, 1990, Kelt et al. 1994). At the
foot of Volcán Osorno in January, Mann (1958) cap-
tured a live female monito del monte in close prox-
imity to a nest containing two juveniles, which cor-
respond to Stage V (Extra-marsupium Develop-
ment). During intensive trapping efforts at La Picada
(late February through mid-March; Patterson et al.
1990), multiple snap-trap captures of juvenile and
adult Dromiciops were observed on numerous oc-
casions within a 5 m radius and on the same trap
night (Lang & Meserve pers. observ.). This suggests
that juvenile Dromiciops explore the general nest area
in family groups with the adult female remaining in
close proximity to her young (Stage VI: Nocturnal
Family Excursions). While juveniles may forage dur-
ing these explorations, the proximity to their pre-
sumed parents suggests that they are not completely
weaned from the mother. Although cessation of the
reproductive period is not well documented, perhaps
in part due to Dromiciops bias against live-traps
(Patterson et al. 1989), it appears that the marsu-
pium is unoccupied by May (Meserve pers. observ.).
Duration of dependence in juvenile Dromiciops, as
much in the marsupium as in the nest, lasts approxi-
mately four months (November-February), and is
considerably longer than the documented period for
other insectivorous-omnivorous New World marsu-
pials (ca. 56-100 days, Harder 1992). In general,
small insectivorous-omnivorous marsupials have
longer periods of juvenile dependence than similarly-
sized carnivorous species (Russell 1982, Lee &
Cockburn 1985). Availability of food resources typi-
cally plays an important role in the weaning of juve-
nile marsupials, especially for macropodid species
where seasonal production of protein food items is
synchronized with juvenile weaning (Lee &
Cockburn 1985).
Although seasonal diet shifts are anticipated,
Meserve et al. (1988) reported that the monito del
monte is primarily insectivorous, despite a demon-
strated tendency towards omnivory in captivity (Kelt
& Martínez 1989). Further research on seasonal di-
etary variation of Dromiciops would not only help
to elucidate seasonal trophic specializations with
respect to the reproductive cycle, but would also
provide insight into the physiological response(s) of
the monito del monte during the winter period of
reduced activity.
Ontogeny of intra-uterine Dromiciops described
herein correspond to observations of previous re-
search on marsupials. In particular, development of
features required for the migration towards the mar-
supial opening (i.e., well-developed olfactory pla-
code, stomodeum, forelimbs) and prenatal adapta-
tions (i.e., olfaction, dactyl flexion, and limb move-
ment) characteristics of altricial young were noted
in stages of advanced ontogeny compared to other
embryonic organ and neuro-muscular systems
(Ulinski 1971, Barbour 1977, Barnes 1977, Hunsaker
1977, Johnson 1977, Parker 1977, Lee & Cockburn
1985). Such precocious development of selected
embryonic traits plays an important role in neonatal
movement from the vagina to the marsupium. This
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migration, implies maturity and functioning of the
pyramidal tract, motor cortex, and rhinencephalon,
neuromuscular control of the forelimb, and physi-
ological adaptations related to pulmonary and pos-
sibly cutaneous gaseous exchange (Tyndale-Biscoe
1973). Prenatal organ systems not vital to the sur-
vival of intra-marsupium embryos (i.e., eyes, ears,
reproductive tract) were mostly underdeveloped even
in pouch young. Development of adult organ sys-
tems in fetal Dromiciops seems to proceed at a very
rapid rate once neonates achieve teat attachment
within the marsupium.
Litter size of Dromiciops is similar to that of some
New World didelphid marsupials, such as Chi-
ronectes minimus, Didelphis albiventris (3.5 and 4.2
fetuses/litter, respectively; Hunsaker 1977),
Caluromys philander (4.1 fetuses/litter; Charles-
Dominique et al. 1983), and Philander opossum (3.4
fetuses/litter; Eisenberg & Wilson 1981). The maxi-
mum number of Dromiciops pouch young suckling
at any one time is four (Patterson & Rogers 1995).
Although Hunsaker (1977) mentions 2-5 pouch
Dromiciops, we conclude that litter size of the monito
del monte ranges from two to four pouch young
based on physical limitations imposed by the marsu-
pium proper and teat formula.
Whereas most New World marsupials are season-
ally polyestrus, attempting at least two litters during
a given breeding season (Lee & Cockburn 1985,
Harder 1992), Dromiciops seems to be a monoestrus,
seasonal breeder producing one litter per year. Cli-
matic constraints may serve as an ultimate factor
controlling seasonal reproductive pattern of
Dromiciops, as documented for several sigmodontine
rodents of temperate rainforests of southern Chile
(Meserve et al. 1982, 1988).
Seasonal cessations of activity are reported for
Dromiciops by Mann (1978) who termed  it as “win-
ter sleep” or torpor. This involves a pronounced de-
crease in the animal’s basal metabolic rate for pro-
longed periods of time in response to inclement win-
ter weather typical of southern Chilean temperate
rainforests (Redford & Eisenberg 1992). Prior to
beggining of torpor, Dromiciops accumulates fat in
subcutaneous oily deposits at the base of the tail (Kelt
& Martínez 1989; Patterson & Rogers 1995). There
is some degree of minimal activity during this pe-
riod, consistent with the fact that intensive live-and
snap-trapping efforts throughout the entire Valle de
La Picada (1981-85) produced notably fewer
Dromiciops captures in winter (June-September)
than in other seasons (spring-fall) (Meserve et al.
1988, 1992; Patterson et al. 1989; Kelt et al. 1994).
In fact, only two Dromiciops (23-24 g males) were
captured during all winter seasons from 1981-85
(Meserve unpub. data). The exact role of this sea-
sonal torpor and its effects on the reproductive cycle
of Dromiciops, in particular, control of estrus, re-
main obscure and merit further attention. Such sea-
sonal activity patterns may strongly influence the
estrus cycle, which most likely starts with ovulation
in late winter-early spring (September) once
Dromiciops resumes normal activity patterns upon
arousal from winter torpor.
Phylogenetic relationships of Dromiciops to New
World and Australasian marsupials have been the
subject of extensive debate among systematists. The
postulate of a closer relationship between
Dromiciops and Australasian marsupials has been
supported by ankle bone articulation patterns (Szalay
1982), chromosomal studies (Sharman 1982, Alpin
& Archer 1987), sperm morphology (Temple-Smith
1987), and systematic studies (Marshall 1987). An
absolute affinity of Dromiciops to either
Ameridelphia or Australidelphia marsupials, as pro-
posed by Szalay (1982), has not been considered by
others, who argue that autapomorphic cranial, den-
tal, anatomical, and serological characters separate
Dromiciops as a highly derived marsupial clade that
evolved independently from metatherian stock
(Westerman & Edwards 1991, Hershkovitz 1992).
Early life history and reproductive biology of
Dromiciops described by this study inconsistently
support the affinity of the monito del monte to ei-
ther Ameridelphia or Australidelphia (Szalay 1982);
further studies might support the hypothesis that
Dromiciops would be a highly derived marsupial
which is the only modern representative of a clade
distinct since the upper Cretaceous (Westerman &
Edwards 1991, Hershkovitz 1992).
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